Abstract
38.6% of men in the ELSA died, whereas 19.3% of women and 31.3% of men in the JAGES died. After adjusting for age and baseline health status, JAGES participants had longer survival than ELSA participants by 318.8 days for women and by 131.6 days for men. Family-based social relationships contributed to 105.4 days longer survival in JAGES than ELSA men. Fewer friendship-based social relationships shortened the JAGES men's survival by 45.4 days compared to ELSA men. Currently not being a smoker contributed to longer survival for JAGES women (197.7 days) and ELSA men (46.6 days), and having lower BMI reduced the survival of JAGES participants by 129.0 days for women and by 212.2 days for men. Conclusion: Compared to participants in England, Japanese older people lived longer mainly because of nonsmoking for women and family-based social relationships for men. In contrast, a lower rate of underweight, men's better friendship-based social relationships, and a lower smoking rate contributed to survival among participants in England.
Introduction
Overall, Japanese people have the longest life expectancy in the world, especially Japanese women [1] . Research exploring the reasons for this greater longevity among the Japanese population has identified a range of potential explanations [2] [3] [4] [5] . A milestone review by Marmot and Smith [5] identified economic growth, a low-fat diet, the public health system, and job security in Japan as the most important factors for greater longevity in this population. More recently, "a culture of hygiene, high levels of educational attainment, an egalitarian society, and strong government that led public health programmes, particularly for tuberculosis control" [3] have been proposed as key factors explaining the longevity of the Japanese population. On the other hand, high blood pressure, higher smoking rates in men, increasing social inequalities, and increasing obesity have been reported as recent threats to Japanese longevity [2, 3] .
The health of the older population has become more important in ageing societies, and life expectancy at birth does not necessarily correspond to life expectancy at older age [6] . To date, there is limited evidence from crosscountry comparative studies that have directly examined the respective roles of health, behavioural, and social factors in relation to longevity among older adults. One study examined the association between behavioural factors and life expectancy among older adults though it focused on European countries only [7] . However, most of the cross-country comparison studies on mortality only included Western countries. Here we compared population data from Japan, the country with the highest life expectancy, with population data from England. The aim of this prospective cohort study was to determine the relative contributions of social and behavioural factors to differences in survival between older adults in England and Japan.
Methods

Data Source
Cohort data from two on-going prospective cohort studies, the English Longitudinal Study of Ageing (ELSA) [8, 9] and the Japan Gerontological Evaluation Study (JAGES) Project [10, 11] , were used in this analysis. ELSA targets independent-living older adults in England aged 50 years or older and the first wave was conducted between 2002 and 2003. The first survey of the JAGES Project was conducted in 2003, drawing participants from 6 municipalities in the Aichi prefecture (at the time, the project was named the Aichi Gerontological Evaluation Study [AGES] ). Although Japan has Okinawa, known in the past years as the Blue Zone [12] , which is characterised as longer life in the world, the baseline survey did not cover this area. JAGES participants were community-dwelling individuals aged 65 years or older that were randomly selected from each municipality. Further details of ELSA and JAGES can be found in each cohort profile [8, 10] . In our study, we analysed the data from individuals aged 65 years or older at the first wave in both studies.
Ethical Considerations
Ethical approval for the ELSA was granted from the Multicentre Research and Ethics Committee (MREC/01/2/91). The AGES and JAGES study protocol and informed consent procedure were approved by the Ethics Committee on the Research of Human Subjects at Nihon Fukushi University (04-05 and 10-05).
Outcome Measure
The outcome was all-cause mortality occurring until 9.4 years (3,436 days) from baseline. The end of follow-up was March 15, 2012 for the ELSA and March 28, 2013 for the JAGES. For both studies, mortality data were obtained by linking with administrative records. For the ELSA, all-cause mortality was ascertained for the consenting study members (95% of the eligible participants) by linking to the National Health Service mortality register. For the JAGES, the mortality records of the national long-term care insurance database (which contains each death reported by physicians to their local municipal government) were linked with 99% of the cohort participants.
Behavioural and Social Factors
For health-related behaviours, we used physical activity, smoking, alcohol drinking, and body mass index (BMI). A level of physical activity was indicated by self-report on participants' active involvement in a sports club. The response was dichotomised. Based on the self-reported smoking status, participants were categorised into never smokers, past smokers, or current smokers. For alcohol drinking, participants were categorised into: non-drinking, not drinking every day, or drinking every day. A previous study reported that a BMI of 22.5-25.0 had the lowest risk of mortality [13] ; we set a BMI of 22.5-24.9 as the reference category of BMI variable. In our data, a small number of Japanese participants had a BMI of 30 or over, participants with a BMI of 25 or over were put into a category. Then, BMI was divided into the following groups: less than 18.5, between 18.5 and 22.4, between 22.5 and 24.9, or 25 or over.
For social factors, socioeconomic status and social relationships were used. As an indicator for socioeconomic status, participants' age when they completed their formal education (15 years or younger, 16-18 years, 19 years or older) was used for both countries. In our study, social relationships were assessed via family (marital status) and friendship-based social relationships (social network). For family-based social relationships, marital status was categorised into married, divorced/widowed, or non-married. For friendship-based social relationships, we assessed the frequency of meeting up with friends, grouped into: once or more a week, once or twice a month, or less than once a month.
Covariates Age at baseline was categorised as 65-69, 70-74, 75-79, or 85 years or older. In JAGES, older adults receiving the public disability insurance benefit were not invited to the study even if they were DOI: 10.1159/000485797 living at their home [10] , whereas ELSA targets independently living older adults. Due to this research design, it is likely that systematic differences exist in participants' disability status between two studies. To account for this study design factor, activities of daily living (ADL) were adjusted in all models as covariates. ADL were determined from the participants' response to three questions addressing the presence of difficulties in walking, bathing or showering, or using the toilet in both studies. Participants who reported one or more difficulties were regarded as partially disabled. We also used comorbidities to indicate the baseline health status of the participants as covariates. The ELSA data contained self-reports of doctor-diagnosed cancer, heart disease, stroke, hypertension, diabetes, and psychiatric disorders, whereas we used the receipt of medical treatments for cancer, heart disease, stroke, hypertension, diabetes, and psychiatric disorders for the JAGES sample.
Analysis
To estimate the country differences in survival, the Laplace regression analysis was applied. The Laplace regression analysis enables the estimation of the percentiles of survival time [14] [15] [16] [17] . In our study, the lowest mortality was observed among the female participants of JAGES at 18.5%. Therefore, we used the 15th survival percentile difference (15th PD), i.e., the difference in the time when the first 15% of the participants had died, to estimate the difference in survival between the groups [17] . We also estimated the country difference in survival in relation to the explanatory factors. For sensitivity analysis, we also ran the Cox proportional hazards regression analyses [16, 17] .
At first, to examine the contributions of each factor separately among the ELSA and JAGES participants, stratified analyses in each cohort were conducted. Then, the datasets for each cohort were combined, and we conducted pooled analyses. In the pooled analyses, we included the country dummy variable as a fixed effect to calculate the difference in survival between the ELSA and JAGES participants, and then examined the factors contributing to the difference in survival between the two cohorts, by calculating the number of days attributable to the different factors. For this purpose, several models were constructed. At first, before examining the contribution of each factor, age, ADL, and baseline health status (i.e., comorbidities) were included to adjust (Model 1). In Models 2-4, socioeconomic status (i.e., age at which the participants left full-time education) and social relationships variables (family-based and friendship-based) were separately added to Model 1. Then, these 3 variables were simultaneously included (Model 5). Modifiable health risks were separately added for: exercise (Model 6), alcohol drinking status (Model 7), smoking status (Model 8), and BMI (Model 9). To evaluate the degree of explained difference between the countries in survival time (days) by each factor, the change in the differences in survival between the models was calculated and displayed in a graph.
All analyses were stratified by gender. We did not apply weights on our analyses, given that ELSA and JAGES used the different sample weighting strategy. To support our decision, we conducted sensitivity analysis applying weights on both datasets. Because the results showed very close findings (see online suppl. Tables 1 and  2 ; see www.karger.com/doi/10.1159/000485797 for all online suppl. material), we report non-weighted results. Although the mortality outcome did not have any missing information, missing data because of item non-response were dealt with multiple imputation using chained equations by the STATA programme [18] . The numbers of missing responses are shown in online supplementary Table 3 . Imputation was conducted for each dataset (country) and gender separately and 10 multiply imputed datasets were produced. Models were independently applied for each of the 10 imputed datasets. The imputation models included auxiliary variables known to be predictive of missingness. Then, single mean estimates and adjusted standard errors were calculated using Rubin's rule [19] . For sensitivity analysis, complete case analysis was also performed (in online suppl. Tables 4 and 5 ), which revealed similar results to those from the imputed data. As other sensitivity analysis, we excluded data from participants who died or dropped out during the first 2 years from the baseline to reduce the possibility of reverse causation (in online suppl. Tables 6 and 7) . STATA SE version 14.1 (Stata Corp., College Station, TX, USA) was utilised for all analyses.
Results
We analysed the data obtained from 3,083 women and 2,468 men in ELSA (mean age: 74. The maximum follow-up period was 3,435 days (9.4 years), and the mean follow-up period was 3,047 days for women and 2,871 days for men, respectively. Table 1 shows the baseline characteristics and mortality in both cohorts, and reveals significant differences between the countries in these characteristics. The number of deaths that occurred between the baseline and the end of the follow-up period was 964 (31.3%) women and 953 (38.6%) men in ELSA and 1,330 (19.3%) women and 1,968 (31.3%) men in JAGES. Mortality rates per personyear were 3.9 and 5.1% for ELSA women and men and 2.3 and 3.9% for JAGES women and men, respectively.
The results of the univariate and multivariable Laplace regression analyses on the differences in the 15th percentile of survival according to the explanatory variables are presented separately for women ( Table 2 ) and men ( Table  3 ) . Older age, partial disability, and comorbid status were associated with a smaller percentile of survival time in both ELSA and JAGES in the univariate and fully adjusted multivariate models. Participants with the single status had a smaller percentile of survival especially for ELSA men. Poorer friendship-based social relationships were associated with a smaller percentile of survival especially in JAGES men. More years of education, any drinking, and not being a current smoker tended to be associated with longer survival in both the ELSA and JAGES participants. Lower (<18.5) BMI was associated with shorter survival especially for JAGES participants. The associations between each variable and 15th PD were similar in both men and women. These associations are similar to the sensitivity analyses through Laplace regression models that excluded those who died or dropped out during 1 year or 2 years from the baseline (in online suppl. Tables  6 and 7) and Cox proportional hazards models (in online suppl. Table 8 ).
There were differences in survival between the JAGES and ELSA participants. After adjusting for age, ADL, and baseline health status and comparing the samples when the first 15% of the participants had died, JAGES women survived for 318.8 more days than ELSA women (in online suppl. Table 9 , Model 1), and JAGES men survived for 131.6 more days than ELSA men (in online suppl. Table 10, Model 1). Figure 1 shows how much each of the aforementioned factors explains these differences in 15th percentile of survival between the two cohorts. For example, smoking contributed to 197.7 days (obtained from online suppl. Table 9 , Models 5 and 8; 320.8 minus 123.1) of longer survival for JAGES women compared to ELSA women. This is explained as follows. There were more smokers among ELSA women compared to JAGES women ( Table 1 ) , and smokers had shorter survival than non-smokers ( Table 2 , online suppl. Table 9 ). In contrast, smoking was more prevalent among JAGES men compared to ELSA men. As a result, although smoking was associated with increased mortality in both JAGES and ELSA men ( Table 3 ) , the lower smoking rate among ELSA men contributed to 46.6 days longer survival compared to JAGES men.
Among women, not smoking were the most important factor for survival among JAGES compared to ELSA participants, whereas being a non-daily drinker was the most important contributing factor for longer survival among ELSA compared to JAGES women. Not being underweight also contributed to longer survival among ELSA compared to JAGES women.
Among men, rich family-based social relationships in JAGES was the most important contributor to longer survival compared to ELSA. Although the association of family-based social relationships seemed to be stronger among ELSA men ( Table 3 ) , the prevalence of being married was higher among JAGES men ( Table 1 ) . Therefore, a higher prevalence of being married seemed to contribute to 105.4 days longer survival in JAGES compared to ELSA.
For ELSA men, not being underweight, non-daily drinking, being a non-smoker, and better friendshipbased social relationships contributed to increased survival compared to JAGES men. Friendship-based social relationships predicted survival among JAGES participants only ( Table 3 ) , and the prevalence of poorer friendship-based social relationships was higher among JAGES men ( Table 1 ) . Therefore, a lack of friends contributed to 45.4 fewer days of survival in JAGES compared to ELSA men.
Discussion
Research evidence on survival among older adults based on cross-country comparative studies is limited, especially with Japan, which has the longest life expectancy. In this study, we examined the differences in 15th percentile of survival between older individuals living in Japan and England from two prospective cohort studies, and identified the factors contributing to these differences.
The participants in Japan lived longer than those in England at the 15th percentile of all-cause mortality after adjusting for age, ADL, and baseline health status. Major contributing factors for the higher survival among the JAGES compared to ELSA participants were lower smoking rate in women, and better family social relationships in men. In contrast, several factors contributed to longer survival in ELSA compared to JAGES participants: a lower rate of underweight, moderate alcohol drinking for both women and men, better friendship-based social relationships in men, and a lower smoking rate in men.
Strengths and Limitations of this Study
To the best of our knowledge, this is the first crosscountry comparative population-level study to show the absolute difference in survival (days) between the two countries and the size of the effect of the factors contrib- uting to that difference. Using absolute measure is more appropriate in public health decision making because they are easier to explain to the general public than relative risks [20, 21] . Several previous studies directly compared country differences using pooled data, but they provided relative measures rather than absolute measures [22, 23] . Traditional life table methods enable the direct assessment of absolute longevity, yet a limited number of factors can be tested with these methods [6, 24, 25] . Although recently applied advanced methods enable the consideration of multiple factors with absolute longevity, direct comparison between countries using pooled data has not been conducted [7] . In this study, because we could use pooled cohort data, the country in which the participant resided was treated as a fixed effect, using a dummy variable. As there is lower possibility of reverse temporal association between the country of residence among older people and individual sociodemographic characteristics and behaviours, the possibility of bias when estimating the mediation effect is small.
In both ELSA and JAGES, the mortality information was reliable and obtained via credible official sources. Additionally, most of the explanatory variables used in this analysis were obtained through a similar approach across the two studies. On the other hand, while we had relevant information for when participants were older adults, we could not consider various demographic, psychosocial, and environmental factors in early life due to a lack of available and comparable data.
There are notable differences between the two countries in those factors and they could have played a role in explaining our results; for example, accumulation of stress through divergent historical experiences could have affected the difference in health between the two cohorts. Inclusion of objective measures to indicate physical health status or environmental factors that are comparable in two cohorts could elaborate explaining the differences in the mortality between the two cohorts. Although both England and Japan have universally accessible health care systems, there are differences in health care provision [26] . The effect of medical care access on the outcome should be considered in future studies.
High blood pressure is reportedly the greatest risk factor for mortality among Japanese women [2] . Although we used comorbidities including hypertension in our models, having an objective blood pressure measure could have allowed further explanation of the differences in longevity between the two countries. In addition, because this study used cohorts of older adults who survived at least at the baseline of the survey, selection bias could overestimate the association of factors such as moderate alcohol drinking [27] . Our results suggest that moderate drinkers have a longer life than non-drinkers.
Although a J-shaped relationship between alcohol consumption and all-cause mortality has been previously reported [28] , a recent systematic review has challenged the merits of moderate drinking after considering several biases [29] . In addition, a study on the British cohort of people born in 1958 suggested that non-drinking would be likely to be associated with long-term illnesses in early life [30] . Although we accounted for comorbidities at baseline, a precise measure to indicate quantity of alcohol intake that was comparable to both countries was impossible to obtain; instead, we used frequency of alcohol use. Results from alcohol use need to be carefully interpreted.
Another limitation relates to differences in the study designs between the two cohorts. The sampling strategies were different and the JAGES 2003 did not contain (or aim for) a national representative sample. In addition, older adults with disability were excluded from the JAGES but not from the ELSA sample. We accommodated the potential selection bias by accounting for the baseline ADL and we only included those aged 65 years and over in both studies. Additionally, in the sensitivity analyses, we excluded participants who died within 1 year or 2 years from the baseline, which likely reduced the possibility of health selection bias in our study.
Our study is based on the use of self-reported questionnaires from two cohorts. It is possible that comparability in these cohorts is limited to some degree, such as ADL. Given the cultural differences in these two cohorts, their response to the ADL questions may be different. However, the questions were phrased similarly in the two cohorts with regard to their ability to perform certain daily tasks. Moreover, this is treated as a covariate in our study. We are therefore confident that potential response bias is minimal in our study. Questions were phrased differently to the cohort members to obtain baseline health status for this study, which raises the question for comparability in this study. However, baseline health status is treated as a covariate in the model; we think that the effect on the longitudinal associations between social determinants and longevity is minimal.
In relation to the analyses, we estimated the 15th survival PD, the difference in the time when the first 15% of the participants had died. Future studies with longer follow-up would better inform cross-country differences in social determinants of longevity. Although the effect of the long-term change in the baseline characteristics on longevity is not in our study focus, this is likely to affect the course of longevity. Future studies including time-varying factors would inform us how the policies relevant to healthy ageing to be formulated.
Comparison with Previous Studies
The reasons for the longevity observed in Japanese people have been examined in previous studies. The life expectancy at birth for Japanese women was the longest internationally with 86.8 years in 2015 [1] . Japanese men also have a comparatively long life expectancy at 80.5 years. Since the milestone studies related to longevity among Japanese individuals conducted by Marmot and his colleagues [4, 5] , lower mortality from coronary heart disease, which is partly attributable to lower serum cholesterol levels, has been considered one of the reasons for the longer life expectancy found among the Japanese [3] . However, present analyses did not show any significant association of overweight, a possible indication of higher serum low density cholesterol, and therefore shorter survival. On the contrary, we found a significant association between underweight and shorter survival among Japanese participants, which can offer additional support to a J-shaped or U-shaped association between BMI and mortality among Japanese [12, 30] . Previous studies have reported that BMI has a J-shaped or U-shaped relationship with mortality [13, 31] . A recent study that pooled cohort data from 10 million participants reported that those with a BMI of 22.5-25.0 had the lowest risk of death compared to those who were categorised as underweight or overweight [13] . Findings from our previous study on older Japanese individuals also support the same trend [32] .
In addition, the association of BMI with all-cause mortality varies according to age; a relatively higher BMI is associated with lower mortality among older populations compared to younger populations [33, 34] . In a metaanalysis of older adults, higher all-cause mortality was observed among people with a BMI of 35 or more and a significant increment of hazard ratio was not observed among people with a BMI of 30-34 [34] . This may explain why we did not observe shorter survival among the overweight participants in ELSA. Being underweight among older adults is associated with frailty [35] , and frailty is linked to shorter longevity [36] . In the present study, a relatively large number of older Japanese had a BMI of less than 18.5, which was associated with increased mortality. Therefore, being underweight in older populations should be considered an important public health issue, especially in Japan.
Our results also showed that smoking reduced longevity by about 2 years even when making comparisons only for the period that the first 15% of participants died. Smoking is the greatest risk factor for death among Japanese men [2, 37] . We also confirmed the harmful effects of smoking, as the high smoking rates among Japanese men reduced their survival and decreased the difference in survival between the Japanese and English cohorts by 46.6 days. In contrast, the lower rates of smoking among women in Japan partially explained why their survival was 197.7 days longer than women in England. Therefore, among older populations, smoking is still an important public health issue that predominantly affects different genders in these two cohorts (Japanese men and English women).
Previous studies have shown the considerable health benefits of social relationships, such as marriage and contact with friends, with both factors associated with longer longevity [38, 39] . Our study added the knowledge about the different distribution of social relationships regarding health in two cohorts. The longevity of the participants in Japan could partly be explained by social relationships with families, especially for men. In contrast, longevity for men in England compared to men in Japan was partly derived from their social relationships with friends.
Similar to previous studies, the present study also confirmed that a higher educational level was associated with longer survival [40, 41] . However, education did not substantially explain the differences in longevity between the two cohorts of older adults, since their education levels were similar. This similar distribution of educational attainment in this generation in Japan and UK has already mentioned in a previous study [5] .
Public Health Implications
Although the mean longevity was longer among the participants in Japan, we found some factors that contributed to survival among the participants in England. Tackling the factors that contribute to reduced survival, such as smoking for JAGES men and ELSA women, could effectively improve survival in both countries. In relation to social relationships, public health interventions to promote social relationships with friends have been advocated [42] . In Taketoyo in Japan, a resident-centred community intervention programme was developed to provide opportunities to promote social interactions with community members. The programme improved social interactions and reduced the incidence of functional disability among older adults. Improving social relationships with family members, skills in handling worries and DOI: 10.1159/000485797 demands, and conflict management within families are all potentially important components of community interventions [43] .
Conclusions
The participants in Japan lived significantly longer than those in England. Lower smoking rates in women, and better family social relationships in men were major contributors to the longevity among the Japanese participants. In contrast, a lower rate of underweight, better friendship-based social relationships in men, and a lower smoking rate in men contributed to survival among participants in England. Modifying health-related behaviours and enriching social relationships could make a difference in survival among elderly at the population level.
